Introduction
============

Probiotics are nutritional supplements produced by viable non-pathogenic micro-organisms, inducing health benefits to the host ([@B1]). Probiotic bacteria have shown anti-tumor activities, leading to cancer risk reduction, by several mechanisms including production of anti-mutagenic compounds, degradation of carcinogenic compounds, changing concentration, function and metabolic features of micro-flora, host's immune response alteration, and affecting the host physiology ([@B2],[@B3]). They are effective in delaying cancer onset and progression as well as in controlling cell growth mechanisms ([@B4],[@B5]). Most probiotics belong to the genus *Lactobacillus* which are part of the normal flora in healthy human vagina and have an important function in protecting the host from urogenital infections ([@B6]). The role of lactobacilli in modulation of systemic inflammation, apoptosis and cell proliferation as well as protection against pathogenic overgrowth has been demonstrated ([@B7]). Probiotic lactic acid bacteria (LAB) including L. acidophilus, L. casei, L. rhamnosus, B. longum, and B. lactis have been shown to decrease the incidence of carcinogen-induced colon tumors and precancerous lesions in experimental animals as well as in human ([@B8],[@B12]). Although there is considerable evidence supporting the potential role of probiotic LAB in prevention of early stages colon cancer development, scant data exists pertaining to their role in later stages of colorectal cancer and cervical cancer, specifically in metastasis. Tissue invasion and metastasis is dependent on cell invasion through the extracellular matrix (ECM) and involves matrix metalloproteinases (MMPs) that degrade the ECM during the metastatic process ([@B13],[@B15]).

MMPs are zinc-dependent secreted proteinases which have critical role in promotion of tumor invasion through proteolytic induction of ECM components such as collagen, fibronectin, and gelatin ([@B16]). Recent studies also suggest that some MMPs play roles in tissue remodeling and wound healing ([@B17],[@B18]). They are activated after secretion as pro-enzyme and cleaved extra-cellularly ([@B19]). TIMP-1 and TIMP-2 are two tissue inhibitors of MMP-9 and MMP-2, respectively ([@B20]). To evaluate whether lactobacilli treatment can affect late stages of cancer, specifically metastasis, in the human cervical cancer cells (HeLa) and human colon adenocarcinoma (HT-29), expression of the MMP-2, MMP-9, TIMP-1 and TIMP-2 genes were studied by quantitative reverse transcriptasepolymerase chain reaction (qRT-PCR).

*Lactobacillus crispatus (L. crispatus)* and *Lactobacillus rhamnosus (L. rhamnosus)* are among the most abundant species in healthy women's vagina ([@B21]). It has been shown that common vaginal lactobacilli are cytotoxic for cervical cancer cells, but not for normal cells, independently from pH and lactate ([@B7]). To assess the apoptotic effect of these lactobacilli on HeLa and HT-29 cells, gene expression of *CASP3* was also analyzed using qRT-PCR.

Materials and Methods
=====================

Cell culture
------------

In this experimental work, human cervical cancer cell line (HeLa), human colorectal adenocarcinoma cell line (HT-29) and human lung fibroblast (MRC-5) were purchased from Pasture Institute, National Cell Bank of Iran. The cells were cultured for 24 hours in Roswell Park Memorial Institute (RPMI) medium containing 10% fetal bovine serum (FBS), and 1% penicillin/streptomycin (all provided from Invitrogen, USA) in a humidified 37˚C atmosphere containing 5% CO~2~ .

Lactobacillus supernatant preparation
-------------------------------------

De Man Rogosa Sharpe (MRS) broth (pH=6.5, Merck, Germany) was used to grow L. crispatus strain SJ-3C-US and L. rhamnosus strain GG at 37˚C for 24 hours under micro-aerophilic conditions. Bacterial cultures (2×10^8^c.f.u./ml), which have been incubated for overnight, were centrifuged at 7000 rpm for 7 minutes. To remove remaining bacteria and debris the lactobacilli supernatants (LS) were filtered through a 0.2 mm membrane filter. In order to differentiate the effect of lactate produced by L. crispatus supernatant (LCS) and L. rhamnosus supernatant (LRS) with pH change impact, the pH in MRS (6.5) broth was adjusted to pH in LS (4.2 ± 0.1) with lactate, this control is called MRS with lactic acid (MRL). In this experiment, the following conditions were tested: LCS, pH=4.2; LRS, pH=4.2; MRS, pH=6.5; MRL, pH=4.2 in HeLa cells and LCS, pH=4.3; LRS, pH=4.3; MRS, pH=6.5; MRL, pH=4.3 in HT-29 cells.

MTT assay
---------

MTT assay kit (Sigma, St. Louis, MO) was used to measure the inhibitory effect of LCS or LRS on HeLa, HT-29 and MRC-5 cell growth. A total of 10^4^ cells were seeded in each well containing RPMI medium, 10 % FBS, and 1% penicillin/streptomycin. After 24 hours, cells were treated with lactobacilli culture supernatants with concentration of 5, 10, 15, 20, 25% (v/v) in triplicates. Plates were incubated for 24 hours at 37˚C under 5% (v/v) CO~2~ . Cell viability was measured by ELISA reader (Anthons2020, version 1.8.3, UK) and analysis was performed using the following equation:

Viability (percentage of the control)=\[(absorbance of the sample-absorbance of the blank)/\[absorbance of the control-absorbance of the blank)\]×100 Cell synchronization for RNA extraction HeLa and HT-29 cells were seeded in RPMI medium containing 10% FBS, and 1% penicillin/ streptomycin for 24 hours. Subsequently, each cell line was counted and equal number of the cells were sub-cultured in four 25-cm ^3^flasks and synchronized, three of which were selected to be treated with LS, MRL and MRS for 4 hours. The last flask was used as control, without any treatment.

RNA isolation, cDNA synthesis and quantitative reverse transcriptase-polymerase chain reaction
----------------------------------------------------------------------------------------------

Total RNA was isolated from each treated and non-treated cells using TriPure Reagent kit (Roshe Applied Science, Germany). RNA quality and quantity were determined using Nanodrop, spectrophotometrically (Thermo Scientific, USA). PrimeScript RT reagent kit (Takara Bio, Japan) was used for reverse transcription of RNA and then mRNA expression of target genes were analyzed using qRT-PCR. Real-time quantification of purified mRNA genes including *MMP2, MMP9, TIMP1, TIMP2, CASP3* and PGM were performed using rotor gene 6000 (Corbet, Australia). Real-time master mix reaction was comprised of 2x master mix (Takara Bio, Japan), 250 ng cDNA, 10 pmol of each primer pairs adjusted with ddH~2~O up to final reaction of 10 µl. Primer sequences for all of the studied genes were picked up from previous reports and were checked again using online Primer 3 software and NCBI-BLAST ([@B22],[@B27]). List of primer sets are available in the [Table 1](#T1){ref-type="table"}. The thermal cycling program was consisted of an initial cDNA denaturation at 95˚C for 10 seconds, following 50 cycles of two steps amplification, including denaturation at 95˚C for 10 seconds and annealing as well as extension at 65˚C for 30 seconds. The experiments were performed in duplicate for each data point. PGM gene was selected as a normalizer. To ensure the specificity of qRT-PCR products and absence of primer dimer, melting curve analysis was performed after each run of amplification.

###### 

Sequence of the primers applied for qRT-PCR

  ---------------------------- ---------------------------- ------------------- ------------
                                                                                
  Primer                       Primer sequences             Product size (bp)   References
                                                                                
  MMP2                         F:GCAGTGCAATACCTGAACACC      111                 22
  R: GTCTGGGGCAGTCCAAAGAACT                                                     
  MMP9                         F:GCACGACGTCTTCCAGTACC       124                 23
  R: CAGGATGTCATAGGTCACGTAGC                                                    
  TIMP1                        F:TTCTGGCATCCTGTTGTTGCT      106                 24
  R: CCTGATGACGAGGTCGGAATT                                                      
  TIMP2                        F:TGGAAACGACATTTATGGCAACCC   146                 25
  R: CTCCAACGTCCAGCGAGACC                                                       
  CASP3                        F:ACATGGCGTGTCATAAAATACC     120                 26
  R: CACAAAGCGACTGGATGAAC                                                       
  PGM                          F:AGCATTCCGTATTTCCAGCAG      120                 27
  R: GCCAGTTGGGGTCTCATACAAA                                                     
                                                                                
  ---------------------------- ---------------------------- ------------------- ------------

qRT-PCR; Quantitative reverse transcriptase-polymerase chain reaction.

### Statistical analysis

For statistical analysis of the intended genes, relative expression and group-wise comparison of their total expression between treated and control states, a randomization Excel-based test in relative expression software tool was used. Mann-Whitney test with SPSS software was used to calculate the half maximal inhibitory concentration (IC~50~). To do this, the treated cell IC~50~ was compared to MRL and control cells IC~50~ . Mean ± SE was used to express all data in three separate experiments and P\<0.05 was considered as significant threshold.

Results
-------

### Cytotoxic effect of L. crispatus strain SJ-3C-US and L. rhamnosus strain GG culture supernatants on HeLa, HT-29 and MRC-5 cell growth

Cell growth inhibitory effects were determined by MTT assay ([Fig.1](#F1){ref-type="fig"}). In this experiment, MRC-5 was used as a normal cell line. Findings demonstrated that LCS and LRS had a significant inhibitory effect on HeLa cell growth in comparison with the cells treated with control MRL and MRS solutions. These results showed that the acidity was not the main cause of HeLa cell growth inhibition. In addition, the IC~50~ value of LCS and LRS against HeLa cells was respectively 11 and 15% (v/v), proposing that a substance, other than lactate, in the LRS and LCS could only affect the cervical tumor cells (HeLa) but not the normal cells. In contrast to LCS, significantly higher growth inhibitory effect was observed by treatment of the HT-29 cells with LRS. Further analyses showed 17% (v/v) IC~50~ value for HT-29 treated cells with LRS. Curiously, these findings also suggest the presence of a substance other than lactate in the LRS which can specifically target HT-29 cancer cells but not the normal cell (MRC-5). No sideeffect was detected on the MRC-5 normal cells treated with LRS.

![The images represent cytotoxicity effects of LRS, MRL and MRS with different concentrations on A. HT-29 cells, B. MRC-5 as normal cells, as well as LCS, LRS, MRL and MRS on C. HeLa cell line measured by MTT assay. The mean value is represented with three separate experiments for each point. LRS; *Lactobacillus rhamnosus* supernatant, MRS; De Man Rogosa Sharpe, MRL; MRS with lactic acid, and LCS; *Lactobacillus crispatus* supernatant.](Cell-J-18-127-g01){#F1}

*MMP2, MMP9, TIMP1, TIMP2* and *CASP3* genes expression in HeLa and HT-29 cells treated with LRS or LCS
-------------------------------------------------------------------------------------------------------

mRNA expression level of *MMP2, MMP9, TIMP1, TIMP2* and *CASP3* genes were quantified by qRT-PCR after 4 hours treatment with LCS, LRS, MRL or MRS. We determined that mRNA level of *MMP2, MMP9* and *CASP3* genes were down-regulated, while *TIMP1* and *TIMP2* expression levels were up-regulated in the HeLa cells treated with LRS or LCS, compared to those cells treated with MRL or MRS. Similarly, LRS down-regulated the mRNA expression level of *MMP2, MMP9* and *CASP3* genes when *TIMP1* and *TIMP2* expression levels were upregulated, in comparison with MRL or MRS treated HT-29 cells; but LCS had no significant effect on the expression level of *MMP2, MMP9, TIMP1, TIMP2* and *CASP3* genes in HT-29 cells ([Fig.2](#F2){ref-type="fig"}).

![Images show the effect of lactobacilli supernatant on mRNA expression level of *MMP2, MMP9, TIMP1, TIMP2* and *CASP3* genes in the treated HeLa cells with LRS, LCS, MRS and MRL or treated HT-29 cells with LRS, MRS and MRL. \*; P\<0.05, LRS; *Lactobacillus rhamnosus* supernatant, MRS; De Man Rogosa Sharpe, MRL; MRS with lactic acid, and LCS; *Lactobacillus crispatus* supernatant.](Cell-J-18-127-g02){#F2}

Discussion
----------

It has been demonstrated that probiotics could play anti-cancer roles by contributing to several mechanisms, including induction of immune responses as well as anti-proliferative, anti-apoptotic or anti-microbial activities. Evidences revealed that primary colorectal and cervical cancer cells could reach to the other organs such as liver, lung and brain ([@B28],[@B29]) by activating *MMPs* (e.g. *MMP2* and *MMP9*) and subsequently degradation of the ECM ([@B30]).

We have previously demonstrated that lactobacilli culture supernatants caused significant cytotoxic effect on cervical cancer cells ([@B7]). In this study, we have sought the effects of L. crispatus or L. rhamnosuson culture supernatant treatment on HeLa, HT29 and MRC-5 cell growth, using MTT assay and transcriptional analysis of some metastatic genes including MMP-2, MMP-9 and relevant inhibitors. We determined down-regulation of *MMP-2* and *MMP-9* as well as up-regulation of *TIMP-1* and *TIMP-2* gene expression in HeLa and HT-29 cell lines by treatment with LRS, proposing the inhibitory effect of this probiotic on metastasis of cervical and colorectal cancers. Consistent with our findings, L. rhamnosus and L. casei were previously shown to have an inhibitory effect on MMP9 enzymatic activity, while they increased the expression of zona occludense-1, as a critical protein preventing of metastasis in HCT-116 cells ([@B31]). In the present study, both LRS and LCS indicated anti-proliferative effect on HeLa cell growth, while only LRS showed an effective role on prohibition of HT-29 cell proliferation. Herein, expression of *CASP3* gene (with critical roles in apoptosis) was down-regulated by lactobacilli culture supernatants, confirming, our previously reported results ([@B7]). Thus far, several studies indicated that probiotic lactic acid bacteria, including L. acidophilus, L. casei, L. rhamnosus, B. longum, and B. lactis supernatants, are able to inhibit colorectal cancer progressions ([@B8],[@B12]). It has previously been demonstrated that supernatant of L. Delbrueckii could reduce SW620 colon cancer cell growth by inducing apoptosis through intrinsic CASP-3 dependent pathways. It has been shown that MMP9 enzymatic activity was decreased in the cells treated with supernatant of L. Delbrueckii ([@B32]). In addition, treatment of Caco-2 cell line with either L. acidophilus or L. Casei supernatants could increase apoptosis, consequently hindering the cancer cell migrations and invasions ([@B33]). Moreover, it was shown that viable or heat-killed L. paracasei IMPC2.1 and L. rhamnosus GG had anti-apoptotic and anti-proliferative effects on HGG and DLD-1 ([@B34]). Inducing autophagy pathway is the other proposed anti-proliferative mechanism of probiotics while as we demonstrated several genes with crucial autophagy roles were down-regulated in HeLa cells, due to treatment with LCS or LRS ([@B35]). However, cell-bound exo-polysaccharides of L. acidophilus 606 have an anti-tumor activity against malignancy in HT-29 cell line, by activating effective genes involved in autophagy pathway including Beclin-1 and GRP78 ([@B36]). Therefore, we can deduce that these two lactobacilli culture supernatants are not effective in autophagy and apoptotic process. To determine the pivotal keys contributed to HeLa cell death, further investigations on necrosis procedure are required.

In the present study, we have demonstrated that treatment with LRS had no cytotoxic effect on MRC-5 cells, as a normal cell line. A recent study has investigated L. acidophilus 36YL strain metabolites secretion on different cancerous cell lines including HeLa, MCF-7, AGS and HT-29 compared to the normal cells (HUVEC). The metabolites of these bacteria decreased viability in all of the cancerous cell lines with no toxic effect on the normal cells ([@B37]). Herein, in comparison with MRL and LRS (at similar pH condition), no cytotoxicity effect was observed in the normal cell line treated with LRS. Regarding the fact that, one of the principle objectives in cancer therapies is limiting damage of normal cells and tissue, it could be further highlighted that LRS contains anti-tumor substances, inducing neither acidity nor cytotoxicity effect on normal cells, compared to MRL.

Conclusion
==========

Probiotics include the major normal flora of colon and cervix. They can open a new way toward prevention or even suppression of cervical cancer and colorectal cancer cell invasions. Further investigations are required to focus on supernatant fraction and assess the effect of these fractions on different cancer cells.
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